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1. 

RANGING AND DISTANCE BASED 
SPECTRUM SELECTION IN COGNITIVE 

RADIO 

BACKGROUND 

1. Field 
The present work relates generally to digital communica 

tion systems, and more specifically to the implementation of 
spectrum selection in the public broadband. 

2. Background 
The Federal Communications Commission (FCC) has 

ruled that television (TV) white space will be allowed to be 
used for public broadband after the United States has aban 
doned analog television broadcasting in 2009. The term 
“white space' refers to portions of the television spectrum 
that are located between ultra high frequency (UHF) televi 
sion channels. The white space portions of the television 
spectrum were originally set up as a buffer Zone to protect the 
analog television channels from Stray signals and other inter 
ference. Now that analog television technology has been 
abandoned in favor of digital television technology, the white 
space spectrum is no longer needed to provide analog televi 
sion buffer Zones and is available for other uses. 
The FCC decision has made two widely separated spec 

trum frequency groups available for public broadband akinto 
Wi-Fi and its variants. These spectrum groups comprise 700 
MHz (TV white space), 5 GHZ, and 2.5 GHz. Considering that 
these frequency groups are widely separated, the most appro 
priate spectrum must be selected at given points in time. 
Sub-optimal efficiency results in low spectral efficiency and 
creates inter-device incompatibility. 

Traditional wireless protocols that are currently in use 
implement Channel Impulse Response (CIR) based spectrum 
allocation. Fixed spectral allocation is also known. Neither 
method is efficient where frequency groups are widely sepa 
rated. CIR based allocation may allocate a lower frequency 
group all of the time because lower frequency channels will 
have good CIR for both shorter and longer distance links. 
However, higher frequency channels do not have good CIR 
for longer ranges/distances. 

Iflower frequency channels are reserved for longer ranges 
and higher frequency channels are reserved for shorter 
ranges, higher spectral efficiency can be achieved. 

There is therefore a need in the art for spectrum selection 
based on range and distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates a first portion of an exemplary flow 
chart of a method that provides distance based frequency 
spectrum allocation in cognitive radio in accordance with the 
present work. 

FIG. 1B illustrates a second portion of an exemplary flow 
chart of a method that provides distance based frequency 
spectrum allocation in cognitive radio in accordance with the 
present work. 

FIG. 2 illustrates an exemplary high level block diagram of 
a Wi-Fi modemarchitecture with a connection manager and a 
cognitive radio unit that Supports multiple frequency bands 
depending on ranging in accordance with the present work. 

FIG. 3 illustrates a communications system in which prin 
ciples according to the present work may be incorporated. 

FIG. 4 illustrates a portion of a communications system 
that comprises a WiFi access point and a plurality of WiFi user 
terminals that operate within a range of one hundred meters 
using a prior art method. 
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2 
FIG. 5 illustrates a portion of a communications system 

that comprises a WiFi access point and a plurality of WiFi user 
terminals that operate within a range of one mile using prin 
ciples according to the present work. 

DETAILED DESCRIPTION 

The word “exemplary' is used herein to mean “serving as 
an example, instance, or illustration. Any embodiment 
described herein as “exemplary' is not necessarily to be con 
Strued as preferred or advantageous over other embodiments. 
A 700 MHz band has good distance property as compared 

to the 2.5 GHz and 5 GHz bands. 700 MHz can provide a 
range of up to one (1) mile as compared to one hundred meters 
(100 m) of Wi-Fi deployment at higher frequencies. Since all 
three bands (700 MHz, 2.5 GHZ, 5 GHz) will be used for 
deployment, their co-existence is very important. Wireless 
channels have the property that lower frequencies have a 
longer distance of propagation than higher frequencies. The 
disclosed embodiments exploit this property to allocate 
higher frequency Sub-carriers for links with shorter ranges 
and lower frequency Sub-carriers for links with longer ranges. 
This provides a net benefit of increased system spectral effi 
ciency, as opposed to prior art techniques where frequency 
allocation is chosen according to inefficient Channel Impulse 
Response (CIR) criteria. CIR selection is inefficient because 
for shorter ranges both channel impulse responses will be 
good, and lower frequency carrier allocation also degrades 
system bandwidth. Thus, using ranging information to mea 
Sure the distance of the link and then assigning the best Suited 
sub-carrier is more efficient and provides a greater throughput 
for the system. 

Cognitive radio is a system and method for operating a 
wireless communication network in which a network or a 
wireless node changes its transmission or reception param 
eters to avoid interference with other users. The other users 
may be either licensed users or unlicensed users. Cognitive 
radio alters its parameters based on the active monitoring of 
external and internal factors in a radio environment. Cogni 
tive radio is capable of sensing a radio spectrum within a radio 
environment. In particular, cognitive radio is capable of deter 
mining the presence or absence of a user within a radio 
frequency spectrum. When cognitive radio senses a user 
within the radio spectrum then the cognitive radio vacates the 
spectrum. When cognitive radio does not sense a user within 
the radio spectrum then the cognitive radio occupies the spec 
trum. 

FIG. 1A illustrates a first portion of an exemplary flow 
chart (designated 100A) for distance based frequency spec 
trum allocation in cognitive radio in accordance with the 
present work. In a first step of the method a random access 
process is initiated (step 110). Then a ranging and preliminary 
link protocol is performed in which the higher and lower 
frequency Sub-carriers are classified according to the dis 
tance/range information (also referred to as ranging informa 
tion) (step 115). The next step of the method then assigns the 
reference Sub-carrier as the higher frequency Sub-carrier (step 
120). Then the next step of the method determines the Chan 
nel Impulse Response (CIR) of the reference sub-carrier fre 
quency for the distance/range (step 125). 
Then a decision step is performed to determine if the value 

of Channel Impulse Response (CIR) is an acceptable value 
(step 130). If the Channel Impulse Response (CIR) has an 
acceptable value then the reference sub-carrier frequency is 
allocated (step 135) and the method continues (step 140) to 
step 160 in FIG. 1B. 
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If the decision step of 130 determines that the Channel 
Impulse Response does not have an acceptable value then a 
step is performed to determine if there is a lower frequency 
sub-carrier available (step 145). Then a decision step is per 
formed to determine if the lower frequency sub-carrier is 
presently available for use (step 150). If the lower frequency 
sub-carrier is not presently available for use the method con 
tinues (step 140) to step 160 in FIG. 1B. If the lower fre 
quency Sub-carrier is presently available for use, then the 
reference Sub-carrier is changed to the lower frequency Sub 
carrier (step 155). The method then passes control to step 125 
where the Channel Impulse Response (CIR) of the reference 
frequency for the distance/range is determined (step 130) and 
the method continues. 

FIG. 1B illustrates a second portion of an exemplary flow 
chart (designated 100B) for distance based frequency spec 
trum allocation in cognitive radio in accordance with the 
present work. Control passes from step 170 of FIG. 1A to step 
160 of FIG. 1B. A cognitive radio unit (e.g., cognitive radio 
215 in FIG. 2) checks for the presence of a primary user in the 
spectrum using spectral sensing (step 160). A determination 
is made whether a primary user is present in the spectrum 
(decision step 165). If the presence of a primary user is 
detected in the spectrum, then the cognitive radio vacates the 
spectrum (step 170) and the method continues (step 180). If 
the presence of a primary user is not detected in the spectrum, 
then the cognitive radio uses the allocated frequency to 
occupy the spectrum (step 175) and the method continues 
(step 180). 
The method of frequency allocation that is described with 

reference to FIG. 1A and FIG. 1B assigns a sub-carrier (1) 
based on higher frequency to lower frequency priority, and (2) 
based on distance/range information, and (3) based on the 
presence or absence of a primary user in the spectrum. Prior 
art methods do not do this. In prior art methods that are used 
in cellular communication and wireless local area networks 
(WLANs) there is no rule that assigns a sub-carrier based on 
higher frequency to lower frequency priority. Further, there is 
no rule or criterion in the prior art for selecting a higher 
frequency or a lower frequency based on distance/range infor 
mation. Further, these methods are not used with cognitive 
radio. 

Consider the following example of selection of a higher 
frequency or a lower frequency based on distance/range infor 
mation. When the distance/range is one (1) mile, the higher 
frequency will have the value of 700 MHz and there will be no 
lower frequency sub-carrier. This means that the highest fre 
quency that is optimal for a one (1) mile link is 700 MHz. 
When the distance/range is one hundred meters (100 m), the 
higher frequency carriers are the 2.5 GHz band carrier and the 
5 GHz band carrier and the lower frequency carrier is the 700 
MHz band carrier. This means that the highest frequency 
possible for the one hundred meter (100 m) distance/range is 
5 GHZ. 
The method of the present work classifies sub-carriers as 

lower or higher frequency depending upon distance/range 
information and then allocates the frequency depending upon 
Channel Impulse Response (CIR). This approach provides 
better spectral efficiency for Wi-Fi systems. 

FIG. 2 illustrates an exemplary high level block diagram of 
a Wi-Fi modem 200 having a Wi-Fi architecture that com 
prises a connection manager unit 210 and a cognitive radio 
unit 215that Supports multiple frequency bands depending on 
range information. The Wi-Fi modem 200 also comprises a 
radio frequency (RF) frequency selection and optimization 
unit 220, a Wi-Fi radio frequency (RF) transceiver 230 and a 
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4 
Wi-Fi base band unit 240. FIG. 2 illustrates the manner in 
which the elements of the Wi-Fi modem 200 are connected. 
The Wi-Fi base band unit 240 provides signal information 

to the Wi-Fi transceiver 230. In addition, the Wi-Fi base band 
unit provides distance/range information (also referred to as 
ranging information) to the connection manager unit 210. The 
connection manager unit 210 assigns a frequency carrier (1) 
based on higher frequency to lower frequency priority, and (2) 
based on distance/range information, and (3) based on the 
presence or absence of a primary user in the spectrum in 
accordance with the principles of the present work. In this 
manner the connection manager unit 210 and the cognitive 
radio unit 215 Support multiple frequency bands depending 
upon distance/range information. 
The connection manager unit 210 then passes the fre 

quency classification information to the RF frequency selec 
tion and optimization unit 220. Based on the frequency clas 
sification information that is provided by the connection 
manager unit 210, the RF frequency selection and optimiza 
tion unit 220 selects and optimizes the carrier frequency to 
provide an optimal frequency band for the Wi-Fi RF trans 
ceiver 230. 

FIG. 3 illustrates a communications system 300 in which 
principles according to the present work may be incorporated. 
In general, the system 300 creates and broadcasts multimedia 
content across various networks to a large number of mobile 
subscribers. The communications system 300 includes any 
number of content providers 302, a content provider network 
304, abroadcast network 306, and a wireless access network 
308. The communications system 300 is also shown with a 
number of devices 310 used by mobile subscribers to receive 
multimedia content. These devices 310 include a mobile tele 
phone 312, a person digital assistant (PDS) 314, and a laptop 
computer 316. The devices 310 illustrate just some of the 
devices that are suitable for use in the communications sys 
tem 300. It should be noted that although three devices are 
shown in FIG. 3, virtually any number of analogous devices 
or types of devices are suitable for use in the communications 
system 300, as would be apparent to those skilled in the art. 
The content providers 302 provide content for distribution 

to mobile subscribers in the communications system 300. The 
content may include video, audio, multimedia content, clips, 
real-time and nonreal-time content, scripts, programs, data or 
any other type of suitable content. The content providers 302 
provide content to the content provider network for wide-area 
or local-area distribution. 
The content provider network 304 comprises any combi 

nation of wired and wireless networks that operate to distrib 
ute content for delivery to mobile subscribers. In the example 
illustrated in FIG. 3, the content provider network 304 dis 
tributes content through a broadcast network 306. The broad 
cast network 306 comprises any combination of wired and 
wireless proprietary networks that are designed to broadcast 
high quality content. These proprietary networks may be 
distributed throughout a large geographic region to provide 
seamless coverage to mobile devices. Typically, the geo 
graphic region will be divided into sectors with each sector 
providing access to wide-area and local-area content. 
The content provider network 304 may also include a con 

tent server (not shown) for distribution of content through a 
wireless access network 308. The content server communi 
cates with a base station controller (BSC) (not shown) in the 
wireless access network 308. The BSC may be used to man 
age and control any number of base transceiver stations 
(BTSs) (not shown) depending on the geographic reach of the 
wireless access network 308. The BTSs provide access to 
wide-area and local-area for the various devices 310. 
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The multimedia content broadcast by the content providers 
302 include one or more services. A service is an aggregation 
of one or more independent data components. Each indepen 
dent data component of a service is called a flow. By way of 
example, a cable news service may include three flows: a 
video flow, an audio flow, and a control flow. 

Services are carried over one or more logical channels. In 
Forward Link Only (FLO) Air Interface applications, a logi 
cal channel is often referred to as a Multicast Logical Channel 
(MLC). A logical channel may be divided into multiple logi 
cal Sub-channels. These logical Sub-channels are called 
streams. Each flow is carried in a single stream. The content 
for a logical channel is transmitted through the various net 
works in a physical frame. In Forward Link Only (FLO) Air 
Interface applications, the physical frame is often referred to 
as a Superframe. 
The air interface used to transmit the physical frames to the 

various devices 310 shown in FIG.3 may vary depending on 
the specific application and the overall design constraints. In 
general, communications systems employing Forward Link 
Only (FLO) technology utilize Orthogonal Frequency Divi 
sion Multiplexing (OFDM), which is also utilized by Digital 
Audio Broadcasting (DAB). Terrestrial Digital Video Broad 
casting (DVB-T), and Terrestrial Integrated Services Digital 
Broadcasting (ISDB-T). OFDM is a multi-carrier modulation 
technique that effectively partitions the overall system band 
width into multiple (N) sub-carriers. These sub-carriers, 
which are also referred to as tones, bins, frequency channels, 
etc., are spaced apart at precise frequencies to provide 
orthogonality. Content may be modulated onto the Sub-carri 
ers by adjusting each Sub-carrier's phase, amplitude or both. 
Typically, quadrature phase shift keying (QPSK) or quadra 
ture amplitude modulation (QAM) is used, but other modu 
lation schemes may also be used. 
The operation of the principles of the present work may be 

clearly seen from the following example. FIG. 4 illustrates a 
portion of a communications system 400 that comprises a 
WiFi access point 410 and a plurality of WiFi user terminals 
420 (individually WiFi user terminals 420a through 420?). 
The WiFi access point 410 and the plurality of WiFi user 
terminals 420 communicate within a range of one hundred 
meters (100 m) using a prior art method. As shown in FIG. 4, 
the WiFi access point 410 communicates with the WiFi user 
terminals 420 within the one hundred meter (100 m) range 
with a 2.5 GHz frequency or a 5 GHz frequency as described 
in the specifications IEEE 802.11a/b/g/n. 

FIG. 5 illustrates a portion of a communications system 
500 that comprises a WiFi access point 510 and a plurality of 
WiFi user terminals 520 (individually WiFi user terminals 
520a through 520i) that operate using the principles of the 
present work. The WiFi access point 510 and the plurality of 
WiFi user terminals 520 communicate within a range of one 
(1) mile using the principles of the present work. As shown in 
FIG. 5, the WiFi access point 510 communicates with the 
WiFi user terminals (520a through 5200 that are located 
within the one hundred meter (100 m) range with a 2.5 GHz 
frequency or a 5 GHZ, frequency as described in the specifi 
cations IEEE 802.11a/b/g/n. The WiFi access point 510 also 
communicates with the WiFi user terminals (520g through 
520i) that are located at a distance that is greater than one 
hundred meters (100 m) but within the one (1) mile range with 
a 700 MHz frequency as described in the specifications IEEE 
802.11a/b/g/n. 
The WiFi access point 510 comprises a WiFi modem 200 of 

the present work of the type shown in FIG. 2. As previously 
described, the connection manager 210 of the WiFi modem 
200 operates to assign a sub-carrier to the wireless links based 
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6 
on a value of the distance/range of the wireless link. When the 
WiFi access point 510 determines that a WiFi user terminal is 
located at a distance of one hundred meters (100 m) or less 
(e.g. WiFi user terminal 520?), the 2.5 GHz frequency or the 
5 GHz frequency is assigned. When the WiFi access point 510 
determines that a WiFi user terminal is located at a distance 
that is greater than one hundred meters (100 m) but no greater 
than one (1) mile (e.g., WiFiuser terminal 520i), the 700 MHz 
frequency is assigned. 

Those of skill in the art would understand that information 
and signals may be represented using any of a variety of 
different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 

Those of skill would further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection with the embodiments dis 
closed herein may be implemented as electronic hardware, 
computer software, or combinations of both. To clearly illus 
trate this interchangeability of hardware and software, vari 
ous illustrative components, blocks, modules, circuits and 
steps have been described above generally in terms of their 
functionality. Whether such functionality is implemented as 
hardware or software depends upon the particular application 
and design constraints imposed on the overall system. Skilled 
artisans may implement the described functionality in vary 
ing ways for each particular application, but such implemen 
tation decisions should not be interpreted as causing a depar 
ture from the scope of the present work. 
The various illustrative logical blocks, modules, and cir 

cuits described in connection with the embodiments dis 
closed herein may be implemented or performed with a gen 
eral purpose processor, a digital signal processor (DSP), an 
application specific integrated circuit (ASIC), a field pro 
grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other Such configuration. 
The steps of a method or algorithm described in connection 

with the embodiments disclosed herein may be embodied 
directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
may reside in RAM memory, flash memory, ROM memory, 
EPROM memory, EEPROM memory, registers, hard disk, a 
removable disk, a CD-ROM, or any other form of storage 
medium known in the art. An exemplary storage medium is 
coupled to the processor Such that the processor can read 
information from, and write information to, the storage 
medium. In the alternative, the storage medium may be inte 
gral to the processor. The processor and the storage medium 
may reside on an ASIC. The ASIC may reside in a user 
terminal. In the alternative, the processor and the storage 
medium may reside as discrete components inauser terminal. 
The previous description of the disclosed embodiments is 

provided to enable any person skilled in the art to make or use 
the present invention. Various modifications to these embodi 
ments will be readily apparent to those skilled in the art, and 
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the generic principles defined herein may be applied to other 
embodiments without departing from the spirit or scope of the 
present work. Thus, the present work is not intended to be 
limited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 5 
novel features disclosed herein. 

What is claimed is: 
1. A method for performing spectral allocation for a wire 

less link in a wireless communication system wherein the 10 
method comprises the steps of 

determining a distance for the wireless link: 
assigning a Sub-carrier to the wireless link based on a value 

of the distance of the wireless link and according to a 
rule that requires Sub-carrier assignment based on a 15 
higher frequency to lower frequency assignment prior 
ity; 

determining whether a primary user is present in a spec 
trum of the wireless link; and 

occupying the spectrum with the assigned sub-carrier 20 
when there is no primary user present in the spectrum. 

2. The method as set forth in claim 1 further comprising the 
step of: 

assigning a high frequency Sub-carrier to the wireless link 
when the wireless link has a low value of distance. 25 

3. The method as set forth in claim 2 wherein the high 
frequency Sub-carrier has a frequency of approximately two 
and one half Gigahertz and the low value of distance has a 
value of approximately one hundred meters. 

4. The method as set forth in claim 2 wherein the high 30 
frequency Sub-carrier has a frequency of approximately five 
Gigahertz and the low value of distance has a value of 
approximately one hundred meters. 

5. The method as set forth in claim 1 further comprising the 
step of: 35 

assigning a low frequency Sub-carrier to the wireless link 
when the wireless link has a high value of distance. 

6. The method as set forth in claim 5 wherein the low 
frequency Sub-carrier has a frequency of approximately seven 
hundred Megahertz and the high value of distance has a value 40 
of approximately one mile. 

7. The method as set forth in claim 1 further comprising 
classifying a plurality of sub-carriers as low frequency or high 
frequency sub-carriers based on the value of the distance of 
the wireless link. 45 

8. A method for performing spectral allocation for a wire 
less link in a wireless communication system wherein the 
method comprises the steps of 

determining a distance for the wireless link: 
classifying a plurality of Sub-carriers as low frequency or 50 

high frequency Sub-carriers based on the distance of the 
wireless link; 

assigning one of the plurality of sub-carriers to the wireless 
link based on Channel Impulse Response (CIR) infor 
mation; 55 

determining whether a primary user is present in a spec 
trum of the wireless link; and 

occupying the spectrum with the assigned sub-carrier 
when there is no primary user present in the spectrum. 

9. The method as set forth in claim 8 wherein the step of 60 
assigning one of the plurality of Sub-carriers to wireless link 
based on Channel Impulse Response (CIR) information com 
prises the steps of 

assigning a reference Sub-carrier frequency as a high fre 
quency Sub-carrier; 65 

determining a value of Channel Impulse Response (CIR) 
for the reference sub-carrier frequency for the distance: 

8 
determining if the value of Channel Impulse Response 

(CIR) for the reference sub-carrier frequency is an 
acceptable value; and 

in response to determining that the value of the Channel 
Impulse Response (CIR) for the reference sub-carrier 
frequency is an acceptable value, assigning the reference 
sub-carrier frequency to the wireless link. 

10. The method as set forth in claim 9 further comprising 
the steps of: 

in response to determining that the value of the Channel 
Impulse Response (CIR) of the reference sub-carrier 
frequency is not an acceptable value, determining if a 
lower frequency sub-carrier is available: 

in response to determining that a lower frequency Sub 
carrier is available, changing the reference Sub-carrier 
frequency to that of the lower frequency sub-carrier to 
obtain a new reference Sub-carrier frequency; and 

determining a value of Channel Impulse Response (CIR) 
for the new reference sub-carrier frequency for the dis 
tance; 

determining if the value of Channel Impulse Response 
(CIR) is an acceptable value; and 

in response to determining that the value of the Channel 
Impulse Response (CIR) is an acceptable value, assign 
ing the new reference Sub-carrier frequency to the wire 
less link. 

11. An apparatus for performing spectral allocation for a 
wireless linkina wireless communication system wherein the 
apparatus comprises: 
means for determining a distance for the wireless link: 
means for assigning a Sub-carrier to the wireless link based 

on a value of the distance of the wireless link and accord 
ing to a rule that requires Sub-carrier assignment based 
on a higher frequency to lower frequency assignment 
priority; 

means for determining whether a primary user is present in 
a spectrum of the wireless link; and 

means for occupying the spectrum with the assigned Sub 
carrier when there is no primary user present in the 
spectrum. 

12. The apparatus as set forth in claim 11 wherein the 
means for assigning a sub-carrier to the wireless link com 
prises: 
means for assigning a high frequency Sub-carrier to the 

wireless link when the wireless link has a low value of 
distance; and 

means for assigning a low frequency Sub-carrier to the 
wireless link when the wireless link has a high value of 
distance. 

13. The apparatus as set forth in claim 11 further compris 
ing: 
means for classifying a plurality of Sub-carriers as low 

frequency or high frequency Sub-carriers based on the 
value of the distance of the wireless link. 

14. The apparatus as set forth in claim 13 wherein the 
apparatus further comprises: 
means for providing an optimal frequency band to a radio 

frequency transceiver based on said classifying. 
15. A computer program product for performing spectral 

allocation for a wireless link in a wireless communication 
system comprising: 

a computer-readable medium comprising: 
code for causing at least one data processor to determine 

a distance for the wireless link; 
code for causing the at least one data processor to assign 

a sub-carrier to the wireless link based on a value of 
the distance of the wireless link and according to a 
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rule that requires sub-carrier assignment based on a 
higher frequency to lower frequency assignment pri 
or1ly; 

code RE least one data processor to determine whether a 
primary user is presentina spectrum of the wireless link: 5 
and 

code for causing at least one data processor to occupy the 
spectrum with the assigned sub-carrier when there is no 
primary user present in the spectrum. 

16. The computer program product as set forth in claim 15 
wherein the computer-readable medium further comprises: 

code for causing the at least one data processor to assign a 
high frequency sub-carrier to the wireless link when the 
wireless link has a low value of distance and to assign a 
low frequency sub-carrier to the wireless link when the 
wireless link has a high value of distance. 

17. The computer program product as set forth in claim 15 
wherein the computer-readable medium further comprises: 

code for causing the at least one data processor to classify 
a plurality of sub-carriers as low frequency or high fre 
quency sub-carriers based on the value of the distance of 
the wireless link. 

18. The computer program product as set forth in claim 15 
wherein the computer-readable medium further comprises: 

code for causing the at least one data processor to classify 
a plurality of sub-carriers as low frequency or high fre 
quency sub-carriers based on the distance of the wireless 
link; and 

code for causing the at least one data processor to assign 
one of the plurality of sub-carriers to the wireless link 
based on Channel Impulse Response (CIR) information. 

19. The computer program product as set forth in claim 18 
wherein the computer-readable medium further comprises: 

code for causing the at least one data processor to assign a 
reference sub-carrier frequency as a high frequency sub 
carrier; 
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10 
code for causing the at least one data processor to deter 
mine a value of Channel Impulse Response (CIR) for the 
reference sub-carrier frequency for the distance: 

code for causing the at least one data processor to deter 
mine if the value of Channel Impulse Response (CIR) 
for the reference sub-carrier frequency is an acceptable 
value; and 

code for, in response to determining that the value of the 
Channel Impulse Response (CIR) for the reference sub 
carrier frequency an acceptable value, causing the at 
least one data processor to assign the reference sub 
carrier frequency to the wireless link. 

20. The computer program product as set forth in claim 19 
wherein the computer-readable medium further comprises: 

code for, in response to determining that the value of the 
Channel Impulse Response (CIR) of the reference sub 
carrier frequency is not an acceptable value, causing the 
at least one data processor to determine if a lower fre 
quency sub-carrier is available; 

code for, in response to determining that a lower frequency 
Sub-carrier is available, causing the at least one data 
processor to change the reference sub-carrier frequency 
to that of the lower frequency sub-carrier to obtain a new 
reference sub-carrier frequency; 

code for causing the at least one data processor to deter 
mine a value of Channel Impulse Response (CIR) for the 
new reference sub-carrier frequency for the distance: 

code for causing the at least one data processor to deter 
mine if the value of Channel Impulse Response (CIR) is 
an acceptable value; and 

code for, in response to determining that the value of the 
Channel Impulse Response (CIR) is an acceptable value, 
causing the at least one data processor to assign the new 
reference sub-carrier frequency to the wireless link. 
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